What's known on the subject? and What does the study add?
• The study shows that only a small proportion of patients had a preoperative renal function that would allow cisplatin-based chemotherapy. Moreover, eGFR significantly decreased after RNU, thereby lowering the rate of cisplatin eligibility to only 16 and 52% of patients based on the thresholds of 60 and 45 mL/min/1.73 m 2 , respectively. Taken together with the rest of the literature, the findings of the study support the use of cisplatin-based chemotherapy, when indicated, in the neoadjuvant rather than adjuvant setting.
Objective
• To report (i) the estimated glomerular filtration rate (eGFR) changes in patients undergoing radical nephro-ureterectomy (RNU) for upper tract urothelial carcinoma (UTUC); (ii) the rate of change in eGFR in patients eligible for cisplatin-based chemotherapy; and (iii) the association of preoperative, postoperative and rate of change of renal function variables with survival outcomes.
Patient and Methods
• We performed a retrospective analysis of 666 patients treated with RNU for UTUC at seven international institutions from 1994 to 2007.
• The eGFR was calculated at baseline and at 3-6 months (Modification of Diet in Renal Disease formula (MDRD) and Chronic Kidney Disease Epidemiology Collaboration formula (CKD-EP) equations).
Results
• The median (interquartile range) eGFR decreased by 18.2 (8-12)% after RNU. A total of 37% of patients had a preoperative eGFR Ն 60 mL/min/1.73 m 2 , which decreased to 16% after RNU (P < 0.001); 72% of patients had a preoperative eGFR Ն 45 mL/min/ 1.73 m 2 , which decreased to 52% after RNU (P < 0.001). The distributions were similar when analyses were restricted to patients with locally advanced disease (pT3-pT4) and/or lymph node metastasis. Patients older than the median age of 70 years were more likely to have a decrease in eGFR after RNU (P < 0.001).
• None of the renal function variables was associated with clinical outcomes such as disease recurrence, cancer-specific and overall mortality; however, when analyses were restricted to patients who had no adjuvant chemotherapy and did not experience disease recurrence (n = 431), a preoperative eGFR Ն 60 mL/min/1.73 m 2 (P = 0.03) and a postoperative eGFR Ն 45 mL/min/ 1.73 m 2 (P = 0.04) were associated with better overall survival in univariable analyses.
Introduction
Upper tract urothelial carcinoma (UTUC) is a relatively rare neoplasm accounting for 5-6% of all urothelial tumours. Radical nephro-ureterectomy (RNU) with excision of the bladder cuff is the standard of care treatment for high-risk UTUC [1] . Despite its durable long-term disease control in patients with early stage disease, the 5-year overall survival of patients with non-organ-confined UTUC is <50%, and for those with nodal metastasis, it is only~35% [2-4]. In patients whose disease is detected at a point where surgical cure is possible but risk of disease recurrence remains high (ՆpT3 and/or lymph node metastasis), chemotherapy has been considered as an option for adjuvant therapy [5] [6] [7] ; however, the timing of chemotherapy in UTUC is in debate as surgical management of the disease, i.e. RNU, affects a patient's renal function and thereby eligibility for adjuvant chemotherapy. This strengthens the debate about neoadjuvant regimens [8, 9] . Moreover, in other malignancies, such as RCC, the decrease in estimated GFR (eGFR) has been shown to negatively affect overall survival [10] .
The aim of the present study was to report baseline eGFR and changes in patients undergoing RNU for UTUC. In addition, we wanted to report the effect of RNU on eligibility for cisplatin-based chemotherapy based on the change in eGFR. Finally, we evaluated the association of preoperative and postoperative renal function variables, as well as their rate of change, with oncological outcomes and overall survival.
Patients and Methods

Patients
In this institutional-review-board-approved study, all participating sites provided the necessary institutional data-sharing agreements before the initiation of the study. A total of seven centres worldwide provided data. A computerized databank was generated for data transfer. After combining the datasets, reports were generated for each variable to identify data inconsistencies and other data integrity problems. Through regular communication with all sites, resolution of all identified anomalies was achieved before analysis. Before the final analysis, the database was frozen and the final dataset was produced for the present analysis. From 1994 to 2007, 781 patients underwent RNU with bladder cuff excision for UTUC. None of patients received preoperative chemotherapy or radiotherapy. Adjuvant chemotherapy was administered at the clinicians' discretion based on tumour stage and overall health status as well as patient preference (n = 62). Patients in whom pre-and postoperative serum creatinine (Scr) concentration data were not available were excluded from the analyses (n = 115, 17.3%). These patients did not differ from the population of the study in terms of preoperative characteristics.
Pathological Evaluation
All surgical specimens were processed according to standard pathological procedures at each institution. 
Follow-up
Patients were generally followed every 3-4 months for the first year after RNU, every 6 months from the second to the fifth year, and annually thereafter. Follow-up consisted of a history, physical examination, routine blood work, urinary cytology, chest radiography, cystoscopic evaluation of the urinary bladder, and radiographic evaluation of the contralateral upper urinary tract. Elective bone scans, chest CT, or MRI were performed when clinically indicated.
Disease recurrence was defined as tumour relapse in the operative field, regional lymph nodes, and/or distant metastasis. Cause of death was determined by treating physicians, by chart review corroborated by death certificates, or by death certificates alone. To reduce bias in attribution of cause of death, only patients who had UTUC listed in the death certificate were considered to have died from UTUC for the present study [19] . All patients who were coded as dead from cancer had previous disease recurrence. Patients who died in the perioperative period (i.e. within 30 days of surgery) were censored at time of death for UTUC-specific survival analyses.
Renal Function Variables
We calculated eGFR at baseline and 3-6 months after RNU, using the MDRD (GFR [mL/min/1. [21] equations. The two equations have been shown to have substantial agreement for baseline and follow-up eGFR [22] . We used the median value between the two equations (inter-equation coefficient variability of 0.94 and 0.96 for baseline and postoperative data, respectively). In addition, we calculated the absolute (eGFRfollow-up -eGFRbaseline) and percent change in eGFR between preoperative and postoperative ([eGFRfollow-upeGFRbaseline] * 100/ eGFRbaseline). We also reported the preoperative and postoperative number of patients with an eGFR Ն 60 mL/min per 1.73 m 2 and an eGFR Ն 45 mL/min per 1.73 m 2 , and also the changes in CKD stage. We chose an eGFR threshold of 60 mL/min per 1.73 m 2 , which has traditionally defined eligibility for full-dose cisplatin therapy and a threshold of 45 mL/min per 1.73 m 2 , which has been previously cited as a more strict definition of CKD and has been shown to be associated with a higher risk of comorbidities related to CKD. We then assessed the impact of age (using the median age of our population as the threshold) on the rate of change in renal function after RNU.
Statistical Analysis
The Mann-Whitney U-test was used to compare non-parametric continuous variables and a chi-squared and Fisher's exact tests to compare nominal variables. Recurrence-free and cancer-specific and overall survival curves were generated using the Kaplan-Meier method and compared using the log-rank test. Univariable and multivariable Cox regression models addressed outcomes after RNU. All reported P-values are two-sided, and a P value of 0.05 was considered to indicate statistical significance. Statistical analyses were performed with SPSS (v20.0, IBM Corp, NY, USA).
Results
Clinicopathological Characteristics and Baseline Renal Function
Overall 666 patients were included in the study. The median (interquartile range [IQR]) age at surgery was 70 (54-76) years. The clinical and pathological characteristics of the study population are shown in Table 1 . The preoperative and postoperative renal function characteristics of the 666 patients are shown in Table 2 ; 249 patients (37%) had a preoperative eGFR Ն 60 mL/min per 1.73 m 2 and 479 (72%) had an eGFR Ն 45 mL/min per 1.73 m 2 . The preoperative CKD stage distribution was: CKD I (n = 32, 5%), CKD II (n = 217, 32.5%), CKD III (n = 386, 58%), CKD IV (n = 28, 4%), and CKD V (n = 3, 0.4%).
Postoperative Renal Function and Rates of Change
After RNU, 105 patients (16%) had a postoperative eGFR Ն 60 mL/min per 1.73 m 2 and 345 (52%) had an eGFR Ն 45 mL/min per 1.73 m 2 ( Table 2 ). The postoperative CKD stages distribution was: CKD I (n = 7, 1%), CKD II (n = 98, 15%), CKD III (n = 460, 69%), CKD IV (n = 91, 13.5%) and CKD V (n = 10, 1.5%). Comparison of preoperative and postoperative Scr levels for each patient showed a mean difference of 0.32 mg/dL (P < 0.001; Table 2 ), which represents a median (IQR) increase of 24.8 (10-34)%. On similar analysis performed for eGFR, we found a mean difference between preoperative and postoperative eGFR of 10.2 mL/min per 1.73 m 2 (P < 0.001), which represents a median (IQR) decrease of 18.2 (8-12)%.
Preoperative, Postoperative and Rates of Change of Renal Function Stratified by pT Stage and Lymph Node Status
There was no difference either in terms of preoperative eGFR between organ-confined and non-organ-confined UTUC (57.3 vs 55.4, P = 0.73), nor in terms of postoperative eGFR (46.3 vs 46.5, P = 0.19). The same was true for lymph node status (P = 0.43 and P = 0.53, respectively). 27.5% of patients with locally advanced disease (pT3-pT4) and 32% of patients with pN+ stage had a preoperative eGFR Ն 60 mL/min per 1.73 m 2 , a proportion that fell to 15 and 25%, respectively, after RNU.
Similarly, 69% patients with locally advanced disease (pT3-pT4) and 66% of patients with pN+ stage disease had a preoperative eGFR Ն 45 mL/min per 1.73 m 2 , falling to 52 and 61%, respectively, after RNU. Finally, when combining patients with pT3-pT4 and/or pN+ disease (n = 238), only 17.5% had a postoperative eGFR Ն 60 and 54.5% had a postoperative eGFR Ն 45 mL/min per 1.73 m 2 .
Preoperative, postoperative and rates of change of renal function stratified by patient's age at surgery
The median age at surgery was 70 years and was chosen as a threshold to stratify renal function (Table 2) . Younger patients (<70 years) were more likely to have a preoperative eGFR Ն 60 (44 vs 31%; P < 0.001) and Ն45 mL/min per 1.73 m 2 (79 vs 66%; P < 0.001) compared with patients Ն 70 years. eGFR decreased significantly after surgery in both age groups; however, younger patients were also more likely to maintain an eGFR Ն 60 (21 vs 11%, P < 0.001) and Ն45 mL/min per 1.73 m 2 (61 vs 43%, P < 0.001).
Association of eGFR (Preoperative and Postoperative) and Rates of Change with Clinical Outcomes
At a median (IQR) follow-up of 45.5 (24-67) months, 212 patients (32%) experienced disease recurrence, 163 (24.5%) died from UTUC and 104 (15.5%) from other causes. We addressed the association between renal function variables (preoperative and postoperative eGFR as a continuous variable or using thresholds of 60 and 45 mL/min per 1.73 m 2 , and the rates of change either continuous or change in categorization) with disease recurrence, cancer-specific and overall mortality. None of these variables was associated with outcomes in univariable analyses. Similarly, when restricting the analyses to patients who did not experience disease recurrence, none of the renal function variables was associated with overall survival. The same was true when patients were stratified by an age threshold of 70 years, but when analyses were restricted to patients who had no adjuvant chemotherapy and who did not experience disease recurrence (n = 431), a preoperative eGFR Ն 60 mL/min per 1.73 m 2 (P = 0.03, hazard ratio [HR]: 0.64, CI: 0.42-0.97) and a postoperative eGFR Ն 45 mL/min per 1.73 m 2 (P = 0.04, HR: 0.67, CI: 0.45-0.99) were associated with better overall survival in univariable analyses ( Fig. 1A and B) . These factors were not independently associated with overall survival in multivariable analyses which adjusted for standard clinico-pathological features (P = 0.72, HR: 1.11, CI: 0.59-2.10 and P = 0.11, HR: 0.61, CI: 0.33-1.13).
Discussion
We confirmed that eGFR decreases significantly after RNU [8,9]. We found an 18% decrease in eGFR after RNU, which was similar to the rates reported in previous studies (22-24%) [8, 9] . This rate of decrease was independent of the pathological features. Younger patients (<70 years) were more likely to have a better preoperative eGFR and to maintain it postoperatively than older patients (Ն70 years). This is in contrast to the findings of Kaag et al. [9] who did not find a statistically significant difference between age categories. The differences between that and the present study are probably attributable to differences in samples size and patient characteristics such as age distribution. 
ECOG, European Cooperative Oncology Group. *Lymphovascular invasion information was available only in 551 patients (83%).
We found that only a small proportion of patients with high-risk UTUC were eligible for adjuvant chemotherapy based on eGFR. Moreover, the rate of eligibility decreased dramatically after RNU. The role and benefit of adjuvant chemotherapy for locally advanced and/or lymph-node-positive UTUC remains controversial [23] .
Although a small single-centre retrospective series reported a benefit in overall survival in 32 patients [5] , two retrospective international studies could not confirm these results (n = 121 and n = 143) [6, 7] . By contrast, two retrospective studies using systemic chemotherapy in the neoadjuvant setting (n = 107 and n = 82) found a 14-15% complete remission (pT0) rate [24, 25] . Extrapolating from lower tract urothelial carcinoma, and based on cumulative evidence, the neoadjuvant setting seems the most effective way of administrating systemic cisplatin-based chemotherapy in UTUC [26, 27] . This is even more important in UTUC because eligibility for cisplatin-based chemotherapy is heavily based on renal function, which decreases after RNU [8,9]. We chose an eGFR threshold of 60 mL/min per 1.73 m 2 , which has traditionally defined eligibility for full-dose cisplatin therapy and also represents the transition into stage III CKD, and a threshold of 45 mL/min per 1.73 m 2 , which has been previously cited as a more strict definition of CKD and has been shown to be associated with a higher risk of comorbidities related to CKD [28] . Based on the eGFR threshold of 60 mL/min per 1.73 m 2 , 37% of patients were eligible for neoadjuvant cisplatin-based chemotherapy and only 16% were candidates for adjuvant chemotherapy. With the threshold Postoperative eGFR 2-years ± SE 5-years ± SE 7-years ± SE ≥45 88% ± 3% 80% ± 3% 75% ± 4% <45 93% ± 2% 73% ± 4% 59% ± 5% eGFR >45 mL/min/1.73 m 2 eGFR <45 mL/min/1.73 m 2 P = 0.04 of 45 mL/min per 1.73 m 2 , 72% of patients were eligible for neoadjuvant cisplatin-based chemotherapy while only 52% were candidates for adjuvant chemotherapy. Thus, in addition to possible associated reasons, the decrease in eGFR after RNU supports the use of cisplatin-based chemotherapy for high-risk UTUC in a neoadjuvant rather than adjuvant setting. The pertinent and remaining question is the identification of candidates for systemic chemotherapy [2] but, even more so than in bladder urothelial carcinoma, deficiencies in clinical staging make the accurate identification of patients who have advanced disease and are therefore the best candidates for systemic chemotherapy extremely difficult.
We did not find any association between eGFR, irrespective of categorization of the data, with oncological outcomes and overall survival. CKD has been associated with a significant increase in cardiovascular events and death from any cause, independently of competing comorbidities [28] . In RCC, a decrease in eGFR has been associated with overall survival [10, 29, 30] , but in the present study, renal function features (preoperative, postoperative and rate of change) were not associated with recurrence-free and cancer-specific survival, probably owing to the fact that cancer features had a stronger effect on outcomes. The lack of association with overall survival could be attributable to the short follow-up (45 months) of patients who did not succumb to their UTUC; however, when excluding from the analyses patients who experienced disease recurrence and those who underwent adjuvant chemotherapy, a preoperative eGFR Ն 60 and a postoperative eGFR Ն 45 mL/min per 1.73 m 2 were associated with overall survival. Larger cohorts with longer follow-up in patients who do not succumb to their disease are necessary to fully assess the association of eGFR with overall survival in patients who underwent RNU.
The present study has several limitations, including those inherent to a retrospective multicentre study design. We did not perform a centralized pathological review, which could have led to misinterpretations of pathological features. We used eGFR rather than creatinine clearance. Although patients with CKD stage 5 were present in the study, patients with comorbidities and/or CKD preoperatively may have been preferentially selected for conservative management. We acknowledge that medical comorbidities (e.g. hypertension and diabetes mellitus) could affect the renal function of these patients. Unfortunately, information on comorbidities was not available in our database, so we were unable to include this in the present analyses. In addition, the short follow-up and low number of non-cancer-specific events may have limited the statistical significance of some analyses.
In conclusion, only a small proportion of patients had a preoperative renal function that would allow cisplatin-based chemotherapy. Furthermore, eGFR significantly decreased after RNU, thereby lowering the rate of cisplatin eligibility to only 16 and 52% of patients, based on the thresholds of 60 and 45 mL/min per 1.73 m 2 , respectively. Older patients (Ն70 years) had a lower baseline eGFR than younger patients and older patients (Ն70 years) had a proportionally higher rate of decrease in eGFR after RNU. Neither preoperative nor postoperative eGFR variables affected cancer-specific and overall survival outcomes after RNU. Taken together with the rest of the literature, the present findings support the use of cisplatin-based chemotherapy, when indicated, in the neoadjuvant rather than adjuvant setting. 
